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HIGH SPEED POWER-GATING TECHNIQUE FOR INTEGRATED 
CIRCUIT DEVICES INCORPORATING A SLEEP MODE OF 

OPERATION 

CROSS REFERENCE TO RELATED PATENT APPLICATIONS 

The present invention is related to, and claims 
priority from. United States Provisional Patent 
Application Ser. No. 60/500,126 filed September 4, 
2003 for: ""0.6V 205MHz 19.5nsec TRC 16Mb Embedded 
DRAM" the disclosure of which is herein specifically 
incorporated in its entirety by this reference. The 
present invention is further related to the subject 
matter disclosed in United States Patent Applications 
Serial No. [^gggl^l entitled: "'Sense Amplifier Power- 
Gating Technique for Integrated Circuit Memory Devices 
and Those Devices Incorporating Embedded Dynamic 
Random Access Memory (DRAM)" and [gg^^^] entitled 
""Column Read Amplifier Power-Gating Technique for 
Integrated Circuit Memory Devices and Those Devices 
Incorporating Embedded Dynamic Random Access Memory 
(DRAM)", the disclosures of which are herein 
specifically incorporated by this reference in its 
entirety . 

20 BACKGROUND OF THE INVENTION 

The present invention relates, in general, to the 
field of integrated circuit (IC) devices. More 
particularly, the present invention relates to a high 
speed power-gating technique for integrated circuit 
25 devices incorporating a Sleep Mode of operation. 

Power-gating has been used in conjunction with 
various circuits to reduce Sleep Mode power. 
Conventionally, this is achieved by adding transistors 
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in the VCC and VSS supply paths to the circuit- These 
power gate transistors are turned ^^on" during an 
Active Mode of operation and turned ^'off" during Sleep 
Mode to reduce the total static current due to 
5 transistor ''off" current. Typically, the gate 

terminals of the power gate transistors are forced to 
higher than VCC (in the case of P-channel devices) or 
lower than VSS (in the case of N-channel devices) 
voltage levels so that their voltage gate-to-source 

10 (Vgs) is negative. This reduces the ''off" current of 
these transistors significantly. 

However, since there are often a large number of 
circuits coupled to these power gate transistors, and 
all of these circuits may be switching at about the 

15 same time, the current surge through the power gate 
transistors during an Active Mode operation ends up 
being very large. This current surge causes a voltage 
drop across the power gate transistors which tends to 
have the same effect as reducing the level of VCC, 

20 thereby degrading performance. Furthermore, these 
power gate transistors must, of necessity, be made 
extremely large to avoid degrading circuit speed too 
much, (although such degradation nonetheless occurs to 
at least some extent) thereby consuming a great deal 

25 of on-chip area. 

In write data driver circuits associated with 
integrated circuit memory arrays, this conventional 
approach is effective if the power-gate transistors 
can be shared by a significant number of circuits that 

30 do not switch at the same time. However, in the case 
of integrated circuit memory devices and those 
incorporating embedded memory where there are a large 
number of write data drivers (for example up to 256 or 
more) that switch at the same time, the current surge 
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going through the NMOS power-gate transistor is very 
large. This results in a voltage drop across the 
power-gate transistor which limits the switching speed 
of the output stage of the write data driver circuits. 

5 SUMMARY OF THE INVENTION 

Disclosed herein is a high speed power-gating 
technique for integrated circuit devices incorporating 
a Sleep Mode of operation wherein an output stage is 
connected directly to VCC and VSS. Instead of 

10 connecting a power-gate transistor in series with the 
output stage as in prior art techniques, the gate of 
the N-channel output transistor is driven below VSS in 
Sleep Mode (alternatively, the P-channel transistor 
can be driven above VCC in Sleep Mode) . This has an 

15 overall effect which is similar to that of 

conventional power-gating techniques in that the ^"off" 
current through the N-channel device is significantly 
reduced because its gate-to-source voltage (Vgs) is 
negative. In Active Mode, however, the switching 

20 speed of the output stage is not impacted, and the 

preceding stage can be made smaller than that of the 
output stage (on the order of approximately one third 
to one fifth the size) and, therefore, the current 
surge through the power-gate transistors will be small 

25 compared to that experienced with conventional power- 
gating approaches . 

Particularly disclosed herein is a power-gating 
technique for an integrated circuit device having a 
Sleep Mode of operation comprising providing an output 

30 stage coupled between a supply voltage source and a 
reference voltage source and driving a gate terminal 
of at least one element of the output stage to a level 
above that of the supply voltage source or below that 
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of the reference voltage source in the Sleep Mode of 
operation . 

Further disclosed herein is a circuit comprising 
an output stage including first and second series 
5 coupled transistors coupled between a supply voltage 
source and a reference voltage source with the output 
stage comprising an input terminal and an output 
terminal thereof. A power-gating circuit is coupled 
to a preceding stage of the output stage for applying 

10 a voltage level to a gate terminal of the first 

transistor greater than that of the supply voltage 
source in response to a Sleep Mode of operation. In 
an alternative embodiment, the power-gating circuit 
applies a voltage level to a gate terminal of the 

15 second transistor lesser than that of the reference 
voltage source in response to the Sleep Mode of 
operation . 

Also disclosed herein is an integrated' circuit 
device including a power-gated write data driver 

20 circuit for a memory array. The driver circuit 

comprises at least a first stage coupled between a 
control node and a power-gated supply voltage line, an 
output stage coupled between a supply voltage source 
and the reference voltage source with an input to the 

25 output stage being coupled to an output of the at 

least first stage. A power-gating circuit is coupled 
to the control node for driving the input of the 
output stage to a level lower than that of the 
reference voltage source level in response to a Sleep 

30 Mode of operation. In an alternative embodiment, the 
power-gating circuit may drive the input to a level 
higher than that of the supply voltage source level in 
response to the Sleep Mode of operation. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The aforementioned and other features and objects 
of the present invention and the manner of attaining 
them will become more apparent and the invention 
5 itself will be best understood by reference to the 

following description of a preferred embodiment taken 
in conjunction with the accompanying drawings, 
wherein: 

Fig. 1 is a schematic illustration of a 
10 conventional power-gating technique employed in a 

write data driver power-gating circuit in which large 
P-channel and N-channel power-gating transistors are 
used to couple and decouple the write data driver to 
respective VCC and VSS sources in Active and Sleep 
15 Modes of operation; and 

Fig. 2 is a schematic illustration of an 
exemplary implementation of the high speed power- 
gating technique of the present invention for use, for 
example, in a comparable write data driver circuit in 
20 which the output stage is coupled directly to VCC and 
VSS and the gate of the output stage N-channel device 
is driven below VSS in Sleep Mode. 

DESCRIPTION OF A REPRESENTATIVE EMBODIMENT 

With reference now to Fig. 1, a schematic 

25 illustration of a conventional power-gating technique 
employed in a write data driver power-gating circuit 
100 is shown for use in an integrated circuit memory 
device or other device incorporating embedded memory. 
The circuit 100 illustrates an exemplary write data 

30 driver 102 which may be one of two hundred and fifty 
six or more such circuits forming a portion of an 
integrated circuit memory device or embedded memory 
array . 
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Each of the write data drivers 102 are coupled to 
a power-gated supply voltage line 104 and a 
correspondingly power-gated reference voltage line 106 
as shown. The power-gated supply voltage line 104 is 
5 selectively coupled and decoupled to a supply voltage 
line (VCC) through a large P-channel transistor 108 
which has its gate terminal 110 coupled to receive an 
input signal indicative of an Active Mode (-0.3V) and 
a Sleep Mode (VCC + 0.3V) of operation respect ively . 

10 In like manner, the power-gated reference voltage line 
106 is selectively coupled and decoupled to a 
reference voltage line (VSS) through a similarly large 
N-channel transistor 112 which has its gate terminal 
114 coupled to receive a corresponding input signal 

15 indicative of the Active (VCC + 0.3V) and Sleep Modes 
(-0.3V) of operation respectively. 

The write data drivers 102 comprise a first 
inverter stage 118, comprising series connected P- 
channel and N-channel transistors coupled between VCC 

20 and the power-gated reference voltage line 106 having 
an input 116 which is at OV during a Sleep Mode of 
operation. The output of the inverter stage 118 is 
coupled to the input of another complementary metal 
oxide semiconductor (CMOS) inverter stage 120 which is 

25 coupled between the power-gated supply voltage line 
104 and VSS and the output of the inverter stage 120 
is coupled to the input of an output stage 124 
comprising another CMOS inverter which is coupled 
between VCC and the power-gated reference voltage line 

30 106 and not VSS directly. The output stage 124 
supplies a write data signal on output line 126. 

As illustrated, conventional power-gating 
techniques can be applied to reduce Sleep Mode power 
in integrated circuit devices. In accordance with the 
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conventional method shown and described, large power- 
gating transistors 108 and 112 are added between the 
power-gated circuitry (in this case, write data 
drivers 102) and the supply voltage source (VCC) and 
5 the reference voltage level (VSS or circuit ground) . 
This approach is effective if the power-gate 
transistors 108, 112 can be shared by a large number 
of circuits that do not switch at the same time. 
However, in the case where there are a large number of 

10 circuits that switch at the same time, a better power- 
gating solution is needed. 

In those cases, such as the write data drivers 
102, wherein the circuitry indicated within the dashed 
lines are repeated many times, (e.g. 256 times or 

15 more) and the output stages 124 all switch at the same 
time, then the current surge going through the power- 
gate transistor 112 would be very large. This would 
result in an effective voltage drop across the power- 
gate transistor 112 which would limit the switching 

20 speed of the output stage 124. Therefore, the power- 
gate transistor 112 would have to be made very large 
and the switching speed of the circuit 100 would still 
be degraded. 

With reference additionally now to Fig. 2, a 

25 schematic illustration of an exemplary implementation 
of the high speed power-gating technique of the 
present invention is shown for use, for example, in a 
comparable write data driver circuit 200 in which the 
output stage is coupled directly to VCC and VSS and 

30 the gate of the output stage N-channel device is 
driven below VSS in Sleep Mode. 

The circuit 200 illustrates an improved, 
exemplary write data driver 202 which may also be one 
of two hundred and fifty six or more such circuits 
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forming a portion of an integrated circuit memory 
device or embedded memory array. 

Each of the improved write data drivers 202 are 
partially coupled to a power-gated supply voltage line 
5 204 and a correspondingly power-gated reference 

voltage line 206 as shown. The power-gated supply 
voltage line 204 is selectively coupled and decoupled 
to VCC through a P-channel transistor 208 which has 
its gate terminal 210 coupled to receive an input 

10 signal indicative of an Active Mode (-0,3V) and a 

Sleep Mode (VCC + 0.3V) of operation respectively. In 
like manner, the power-gated reference voltage line 
206 is selectively coupled and decoupled to VSS 
through a relatively smaller N-channel transistor 212 

15 (with respect to transistor 112 of Fig. 1) which has 
its gate terminal 214 coupled to receive a 
corresponding input signal indicative of the Active 
(VCC + 0.3V) and Sleep Modes (-0.3V) of operation 
respectively . 

20 The write data drivers 202 comprise a first stage 

218, comprising series connected P-channel and N- 
channel transistors coupled between VCC and the power- 
gated reference voltage line 206 having an input 216 
which is at OV during a Sleep Mode of operation. The 

25 output of the first stage 218 is coupled to the input 
of another CMOS stage 220 which is coupled between the 
power-gated supply voltage line 204 and a node 230. 
The output of the inverter stage 220 at node 232 is 
coupled to the input of an output stage 224 comprising 

30 a CMOS inverter which is directly coupled between VCC 
VSS- The output stage 224 supplies a write data 
signal on output line 226. 

An Active Mode signal of VCC and corresponding 
Sleep Mode signal of -0.3V is applied on node 234 
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coupled to the gate terminal of N-channel transistor 
236 which has its drain terminal coupled to node 230 
and its source terminal coupled to VSS. Node 234 is 
also coupled to the gate terminals of series coupled 
5 P-channel transistor 238 and N-channel transistor 240 
which are coupled between VCC and a source of -0.3V. 
The node 242 coupled to the drain terminals of 
transistors 238 and 240 is also coupled to the gate 
terminal of N-channel transistor 244 which has its 

10 drain terminal coupled to node 230 and its source 
terminal also coupled to a source of -0.3V. 

An exemplary implementation of the high speed 
power-gating technique of the present invention has 
been shown and described with respect to this figure. 

15 In this approach, the output stage 224 is connected 
directly to VCC and VSS. Instead of connecting a 
power-gate transistor (e.g. transistors 208 or 212) in 
series with the output stage 224, the gate of the N- 
channel output transistor in the output stage 224 is 

20 driven below VSS (e.g. -0.3V) in Sleep Mode. This has 
the same effect as conventional power-gating in that 
the ^^off" current through this N-channel transistor is 
significantly reduced because its voltage gate-to- 
source (Vgs) is negative. In Active Mode, however, 

25 the switching speed of the output stage 224 is not 
impacted, and the preceding stage 220 may be made 
smaller than the output stage 224 of on the order of 
approximately one third to one fifth the size. 
Therefore, the current surge through the power-gate 

30 transistor 212 will be relatively small compared to 
that through transistor 112 in the conventional 
approach of Fig. 1. 

In operation, the write data driver circuit 200 
functions as follows. During Active Mode, transistor 
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236 is turned ''on'' holding node 230 at VSS (OV) . 
Therefore, node 232 switches between VCC and VSS as 
the circuit 202 in the dashed lines switches from one 
logic state to another. In Sleep Mode, transistor 236 
5 is turned ^'off" and transistor 244 is turned ''on". 
This drives node 230 to a voltage below VSS (-0.3V). 
Also, during Sleep Mode, the input to the circuit is 
driven to OV so that node 232 is driven below VSS. 
Therefore, the gate of the N-channel transistor in the 

10 output stage 224 is held at a voltage below VSS. 

Since the source of this transistor is connected to 
VSS, its Vgs is negative, which reduces the "off" 
current through it. 

Although, in the representative embodiment shown, 

15 the gate of the N-channel transistor of the output 
stage 224 is shown as being driven below VSS, the 
principles of the present invention would likewise 
pertain to those circuit implementations wherein the 
gate of the output P-channel transistor of the output 

20 stage 224 were also, or alternatively, driven above 
VCC (e.g. VCC + 0. 3V) . 

While there have been described above the 
principles of the present invention in conjunction 
with specific circuit implementations, it is to be 

25 clearly understood that the foregoing description is 

made only by way of example and not as a limitation to 
the scope of the invention. Particularly, it is 
recognized that the teachings of the foregoing 
disclosure will suggest other modifications to those 

30 persons skilled in the relevant art. Such 

modifications may involve other features which are 
already known per se and which may be used instead of 
or in addition to features already described herein. 
Although claims have been formulated in this 
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application to particular combinations of features, it 
should be understood that the scope of the disclosure 
herein also includes any novel feature or any novel 
combination of features disclosed either explicitly or 
5 implicitly or any generalization or modification 

thereof which would be apparent to persons skilled in 
the relevant art, whether or not such relates to the 
same invention as presently claimed in any claim and 
whether or not it mitigates any or all of the same 

10 technical problems as confronted by the present 

invention. The applicants hereby reserve the right to 
formulate new claims to such features and/or 
combinations of such features during the prosecution 
of the present application or of any further 

15 application derived therefrom. 
What is claimed is: 
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